The present study was conducted to make a nomogram of the relation of brachial-ankle pulse wave velocity (baPWV) with blood pressure. In 11,375 subjects (age range: 30 to 79 years) in whom we measured baPWV, multivariate linear regression analysis demonstrated that age, systolic blood pressure, and gender were significant determinants of baPWV. Of them, we selected 5,302 subjects (2,630 men and 2,672 women, age 46 11 years) with either normal blood pressure or with high blood pressure without other atherosclerotic risk factors. Using data from these subjects, we tried to make an age-derived nomogram and a systolic blood 
Introduction
Pulse wave velocity (PWV) reflects arterial stiffness, and it is a predictor of the prognosis of patients with cardiovascular diseases, and it serves, at least in part, as a marker of the severity of atherosclerotic vascular damage (1) (2) (3) . Recently, brachial-ankle PWV (baPWV), a parameter more simple to obtain compared with the conventional carotid-femoral PWV, has been useful (4) (5) (6) . baPWV can be obtained by only wrapping the four extremities with blood pressure cuffs, and it can be easily used to screen a large number of subjects (6) . However, We demonstrated that blood pressure is a ues from subjects with normal blood pressure and subjects with high blood pressure without other atherosclerotic risk factors. Furthermore, we compared the measured baPWV in patients with atherosclerotic cardiovascular disease with the value obtained using the nomogram to examine whether baPWV does reflect atherosclerotic vascular damage in subjects different blood pressure levels.
Methods

Subjects
The present study was conducted in two cohorts. Some of the data obtained from these two cohorts have already been reported elsewhere (6, 7) . The age of the subjects varied from 21 to 94, and to make the nomogram, data from subjects between 30 and 80 years of age were used, because the number of subjects under 30 and of those over 80 years of age was small. Both cohorts consisted of subjects having their annual health check up (including the measurement of baPWV) from October 2000 to the end of July 2002 at two institutions affiliated to Tokyo Medical University, where more than 4,000 subjects are screened annually. The medical history and symptoms of each subject were confirmed by the consulting doctors. In these cohorts, patients having diseases (except for atherosclerotic cardiovascular diseases) requiring medical treatment and subjects who had an abnormal ankle/brachial pressure index of less than 0.9 as determined by plethysmograph were excluded. Atherosclerotic cardiovascular diseases were described according to the criteria of the International Classification of Diseases (10th revision) regarding coronary heart disease and cerebrovascular disease. In addition, patients with a medical history of arteriosclerosis obliterans or aortic aneurysm were excluded, because these diseases are known to reduce PWV (8). Consecutive 11,375 subjects (age range: 30 to 79 years, 7,093 men and 4,282 women) were entered for this study. Informed consent was obtained from all the subjects. Then, we selected data from "subjects without atherosclerotic risk factors except blood pressure level" to make the nomogram. Among them, the group of "subjects without atherosclerotic risk factors except blood pressure level" was defined by the following criteria: fasting blood glucose 110 mg/dl, total cholesterol 240 mg/dl, triglycerides 150 mg/dl, body mass index 25 kg/m 2 , and no history of smoking. To assess the applicability of the obtained nomogram, 297 patients with coronary heart disease (240 men and 57 women, age: 65 8 years old) were recruited, and the obtained nomogram was applied to them. All these patients were diagnosed as having coronary heart disease by coronary angiography performed at Tokyo Medical University Hospital, and their ankle/brachial pressure index was over 0.9 as determined by plethysmography. In subjects having their annual health check up, informed consent was obtained when they visited institutions for their check up, and, in patients with coronary heart disease, it was obtained when they admitted to Tokyo Medical University Hospital. The study protocol was approved by the ethical committee of Tokyo Medical University.
Instruments
Brachial-ankle PWV was measured using a plethysmograph (form PWV/ABI, Colin Co. Ltd., Komaki, Japan), which records PWV, blood pressure, electrocardiogram and heart sounds, simultaneously (4) (5) (6) . The details of the measurement have been reported elsewhere (4) . In all the studies, baPWV was obtained after at least 5 min of rest.
Laboratory Measurements
Plasma total cholesterol, triglycerides, blood sugar, and serum creatinine levels were measured enzymatically. All blood samples were obtained in a fasting state in the morning.
Statistics
Data are expressed as the mean SD. Statistical analysis was performed using the SPSS software package (SPSS, Chicago, USA). Differences between two groups were evaluated 
Results
The clinical characteristics including medical history and conventional atherosclerotic risk factors in all participants (n 11,375) are summarized in Table 1 . Systolic and diastolic blood pressures were used the values measured by form PWV/ABI in the right arm. Table 2 shows the results of multiple linear regression analysis including baPWV and other clinical variables. Age, systolic blood pressure, and gender were significant determinants of baPWV. To make the nomogram of the relation of baPWV with blood pressure, subjects (n 5,302) without conventional atherosclerotic factors, except for blood pressure, were selected. Table 3 summarizes the anthropometrics of the 5,302 selected subjects (2,630 men and 2,672 women; age: 46 11 years; range: 30 to 79 years). The association between age and baPWV was assessed by the regression curve analysis every 10 mmHg of systolic blood pressure (from less than 120 mmHg to over 160 mmHg) in both genders. In all of the systolic blood pressure levels, the association between age and baPWV demonstrated a quadratic curve ( Fig. 1 and Table 4 ). The association between systolic blood pressure and baPWV was assessed by regression curve analysis in subjects of both genders divided by age from 30 to 70 years of age. The association between age and baPWV demonstrated a quadratic curve ( Fig.  2 and Table 5 ).
The obtained nomograms were applied to 297 subjects with coronary heart disease ( Table 6 ). In these patients as a whole, their measured baPWV was significantly higher than the values calculated from the age-derived and systolic blood The abbreviations are the same as Table 1 .
Gender
Men Women pressure-derived nomograms. This result was confirmed also in both male and female subjects and in elderly (65 years or older) subjects with coronary heart disease. However, in subjects with a systolic blood pressure of 140 mmHg or more (n 58), their measured baPWV was higher than the value calculated from the systolic blood pressure-derived nomogram, but not significantly higher than that calculated from the age-derived nomogram.
Discussion
Blood pressure is a determinant of PWV (6) . Franklin et al. demonstrated that, while systolic blood pressure and pulse pressure increase according to age, the increase of diastolic blood pressure and that of mean blood pressure are attenuated in people over 60 years of age (9) . High systolic blood pressure and high pulse pressure are known as risk factors for cardiovascular diseases (9, 10). In our previous report, we demonstrated that age, gender and systolic blood pressure were major determinants of baPWV (6) . Therefore, we tried to make an age-derived nomogram according to systolic blood pressure and a systolic blood pressure-derived nomogram according to age for subjects of both genders. Previously, we demonstrated that the association between age and baPWV is a quadratic curve at blood pressure levels within the normal range (blood pressure less than 140/90 mmHg) (6) . The present study confirmed the same association between age and baPWV existed at blood pressure levels above the upper limit of normal (systolic blood pressure over 140 mmHg). Blacher et al. reported that the carotid femoral PWV was higher in hypertensive patients with atherosclerotic cardiovascular disease than in those without ath- 
Fig. 2. Association between systolic blood pressure and brachial-ankle pulse wave (baPWV) velocity in subjects of both genders divided by age.
erosclerotic cardiovascular disease (11) . To confirm the usefulness of the present nomograms regarding the assessment of the severity of atherosclerotic vascular damage in subjects with different levels of blood pressure, we applied these nomograms to patients diagnosed as having coronary heart disease by coronary angiography. In all the patients with coronary heart disease in this study, the measured baPWV was higher than the values calculated from both nomograms. Therefore, baPWV might reflect atherosclerotic vascular damage regardless of blood pressure levels. In obtaining the age-derived nomogram, the systolic blood pressure of subjects whose values were the bases for the equation for subjects with a systolic blood pressure of 160 mmHg or more, varied widely from 160 to 220 mmHg, and thus this equation may have some limitations regarding accuracy. It was therefore considered that this wide range of systolic blood pressure might have affected the accuracy of the estimated value obtained by applying the age-derived nomogram to subjects with a systolic blood pressure of 140 mmHg or more, resulting in no significant difference between the measured baPWV and the value calculated from the age-derived nomogram in subjects with coronary heart disease whose systolic blood pressure was 140 mmHg or more. Asmar et al. reported a simple linear equation to obtain the carotid-femoral PWV derived from systolic blood pressure and age (12) . However, the association of baPWV with either systolic blood pressure or age was a quadratic equation rather than a linear equation. Therefore, we believe that the accuracy of a simple linear equation to obtain baPWV derived from systolic blood pressure and age may not be sufficiently high to apply it to clinical practice. On the other hand, researchers have attempted to correct PWV for diastolic blood pressure, and thereby be able to evaluate the severity of angiopathy separately from blood pressure (13) . This method, however, does not allow a definite evaluation for it does not consider the risks inherent to a high blood pressure itself.
A high blood pressure is a major risk for atherosclerosis (9, 10) , and the actual value of baPWV is an important parameter to be considered in the management of atheroslclerotic cardiovascular diseases. In patients with high blood pressure, it is difficult to discriminate whether the measured baPWV reflects only an elevated blood pressure or further risk for atherosclerotic cardiovascular diseases, including the severity of atherosclerotic vascular damage, and it might be possible to underestimate the real risk for atherosclerotic cardiovascular diseases in some of such patients. The use of the present systolic blood pressure-derived nomogram may prevent this pressure-related underestimation. In patients with high blood pressure, we believe that the sys- All, all patients with coronary heart disease; SBP, systolic blood pressure; Age-dr, age derived; SBP-dr, SBP derived. p 0.05, p 0.01 vs. measured baPWV. tolic blood pressure-derived nomogram can be used to decide the management strategy that is, whether to provide the intensive treatment of high blood pressure or to further evaluate the patients for the presence of atherosclerotic vascular damage through examinations, such as carotid artery ultrasonography, flow-mediated vasodilatation test of the brachial artery and brain magnetic resonance imaging, among others (14) . To assess the association between blood pressure and PWV, the evaluation of the relationship between changes in PWV and changes in blood pressure caused by vasoactive drugs may be another possible approach. However, such drugs influence PWV by changing the arterial tonus independent of the change in blood pressure (15) . In addition, it is difficult to increase the number of subjects of the study when using this method. Therefore, such method does not seem to be suitable to make a nomogram. On the other hand, the method used in the present study to make the nomogram of PWV based on data from subjects with a normal blood pressure and subjects with a high blood pressure without other atherosclerotic risk factors is easy to increase the number of subjects for the study. However, even a high blood pressure in the absence of other atherosclerotic risk factors may affect the vascular structure and function. Such possibilities should be considered as a limitation for the use of the present nomograms in clinical practice.
In conclusion, we made the nomograms of the relation of baPWV with blood pressure level. The comparison of the measured baPWV with the values calculated from the nomograms may be useful not to underestimate the real risk for atherosclerotic cardiovascular diseases, including the severity of atherosclerotic vascular damage, reflected by the measured baPWV in subjects with different blood pressure levels. Especially, the systolic blood pressure-derived nomogram may be applicable for subjects with a high blood pressure.
